Abstr act. In this paper, a novel image fusion algorithm based on Nonsubsampled Contourlet Transform (NSCT) and image segmentation is proposed, for the application of Passive Millimeter Wave (PMMW) concealed objects detection. PMMW and visual images are fused to get a better presentation of original images, maintaining both visual background and concealed object detected in PMMW images. This algorithm combines the extraction of Region of Interest (ROI) and the NSCT based fusion. The experimental results show that the proposed algorithm has better fusion performance compared with traditional methods. The difference of millimeter energy radiated by objects is detected by Passive Millimeter Wave (PMMW) imaging system, to provide PMMW images in which the metal targets can be distinguished from the background. Metal targets even covered by objects like clothes and leaves, can be detected. These features allow the PMMW imaging system to be widely used in concealed object detection [1, 2] . However, compared with visual images, the visual quality of PMMW images is limited by the low spatial resolution and the severe blurring effect. Therefore, the fusion of visual and PMMW images, integrates the complementary information and reduces the redundancy, so that the concealed objects can be presented in the visual background with better visual quality [3] .
Intr oduction
The difference of millimeter energy radiated by objects is detected by Passive Millimeter Wave (PMMW) imaging system, to provide PMMW images in which the metal targets can be distinguished from the background. Metal targets even covered by objects like clothes and leaves, can be detected. These features allow the PMMW imaging system to be widely used in concealed object detection [1, 2] . However, compared with visual images, the visual quality of PMMW images is limited by the low spatial resolution and the severe blurring effect. Therefore, the fusion of visual and PMMW images, integrates the complementary information and reduces the redundancy, so that the concealed objects can be presented in the visual background with better visual quality [3] . In recent years, Region Based Method and Multi-scale Decomposition Based Method are used by some scientists to fuse multi-source images. A combination of wavelet transform, edge based image segmentation and regional edge feature is used to generate a fusion map in literature [5, 6] . These methods extremely depend on the segmentation accuracy, which is determined by a hard chosen gray value threshold. In addition, regional edge features are not very reliable when used as fusion guidance. Some other segmentation technics, such as fuzzy k-means clustering and frame difference, together with multi-scale decomposition are used to fuse visual and IR images [7, 8] . Although segmentation results do help the fusion, the visual background is still interfered by unwanted information from IR images. The main problems of these existing fusion algorithms can be summarized as:
• Image segmentation is unable to extract the true target areas.
• Quality of fusion is limited by the lack of protection of visual background.
The algorithm proposed can be used to solve problems mentioned above by taking the following steps: firstly using Mean Shift Segmentation [9] to extract the regions of interest in PMMW images, then adopting NSCT [10] based fusion to generate a fused ROI, finally embedding the fused ROI back into the visual images at the corresponding positions. The proposed algorithm has these advantages:
• Extracting the ROI in PMMW images accurately.
• Using NSCT to provide better details and direction descriptions of images.
• Only fusing the ROI so that more visual background is remained.
Basic Theor ies

Extraction of Region of Interest
The extraction of region of interest is applied using image segmention and the prior knowledge that the brightest area in PMMW image corresponds to metal object (the target). Mean Shift Segmentation is based on the gray value of image, and it segments images by conducting Mean Shift process to every pixel rather than set a threshold according to the gray value histogram. According to literature [9] , the Mean Shift vector is
where ( ) G x is a kernel which could be normal or uniform, and h controls the size of range window, and ( ) 0 i w x ≥ is the weight assigned to the sample point i x which corresponds to the spatial window. Denote the first term on the right of equation (1) After segmentation, the PMMW image is divided into several regions with different L m . Normally, the target is often brighter (with larger L m ) and not distributed near the boundaries of the PMMW image. Using this prior knowledge, nontarget areas can be deleted .The regional image can be turned into a binary image in which pixel value of target is '1' while the rest is '0'. A rectangular area from the binary image that just covers all the '1's is designated and denoted as Map . A rectangular area with the same position and size as the Map , is obtained from the PMMW image as the ROI. The flowchart of extraction of ROI is show in Fig. 1. 
Nosubsampled Contourlet Transform
NSCT uses nonsubsampled pyramid (NSP) and nonsubsampled directional filter bank (NSDFB) to achieve multi-scale decomposition with better frequency selec-tivity and regularity [10] . The NSCT is shift-invariant and this quality ensures that the bandpass and lowpass subbands have the same size. Fig.2 (a) shows the NSP and NSDFB structure that implements the NSCT, and Fig.2 (b) shows the idealized frequency partitioning obtained with the proposed structure.
The bandpass and lowpass subbands images correspond to fine scale and coarse scale, respectively. Thus, the point of fusion based on NSCT is to use different fusion rules in different subbands. The advantage of this is that we can chose to keep detail or approximation information in each subbands. The specific fusion strategy is described in section 3. In image fusion, the fact that metal objects are always bright in PMMW image makes them hard to be noticed when the corresponding area of visual image is also very bright. Image enhancement of PMMW is able to help this special situation, and the enhancement is carried using equation (3) _ / max( )
where B D is the lowpass subband obtained from NSCT decomposing the ROI area of PMMW image, Map is mentioned in 2.1, and k , which is chosen between 1.2 to 1.6, is a constant to adjust the strength of enhancement. When embedding the fused ROI back into the visual image, there always are salient boundary effects around the ROI area. This boundary effect can be eliminated by using the image blending algorithm in [11] . First mark the overlapping area between fused ROI and visual image, as shown in Fig.3 (a) . Then calculate the new overlapping area by weighting method as equation (4) 
where N denotes the new overlapping area and α denotes the weight. I and C in equation (4) 
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where the weight w is a Gaussian window.
min max (8) is noted as match measurement
A B s S t T AB A B w s t D m s n t j l D m s n t j l M p E p E p
In the fusion of lowpass subbands, it is vital to choose coefficients have large region energy because larger region energy give more weight to the approximation of source image.
The whole fusion algorithm procedure is as followed:
1. Extract ROI from the PMMW image and enhance the ROI; 2. Get the subbands images using NSCT on the ROI and corresponding area in visual image; 3. Fuse the subbands images using different rules, then perform inverse NSCT to obtain the fused ROI; 4. Embed the fused ROI into the visual image.
Results and Discussions
In concealed object detection, the reveal of target feature in the PMMW image is as important as fusion quality. We combine objective and subjective evaluation to access the fusion result. The subjective evaluation is mainly based on the perception by human visual system of observers. The objective evaluation indices include entropy, average gradient, mutual information, spatial frequency and edge based similarity measure [13, 14, 15] .
Two sets of registered PMMW and visual images are used to test the performance of the proposed algorithm, as shown in Fig.5 (a) and (b) and Fig.6 (a) and (b). The PMMW images we used are different at imaging condition and quality, so that the reliability of fusion is tested. The level of NSCT decomposition is 3 and all the experiments are carried out using MATLAB 7.11.0 on PC. To compare with, traditional fusion including wavelet, contourlet and NSCT based methods [16] are used. All the experiment results are shown in Fig.5 and Fig.6 whereas the evaluation indices are shown in Table 1 . From Fig.5 (e) to Fig.5 (h), it is clearly that the proposed algorithm has the best fusion quality. The hidden car can be seen in all fusion results but Fig.5 (h) excels. The results from wavelet and Contourlet contain too much redundancy in the non-target area. The NSCT based fusion has a better result but the clarity and contrast is limited. The proposed method also has the best IE, MI, AG and EA as shown in Table 1 Different situation occurs in the fusion of Fig.6 (a) and (b) , since this PMMW image is poorly imaged. Beside of the knife, the background as well as a part of human body, is also extremely bright in this PMMW image. Wavelet, Contourlet and NSCT based method fuse images without deleting false target area in PMMW image. Therefore, Fig.6 (e) to (g) are unacceptable despite of the good objective evaluation indices shown in Table 1 . result 2. With extraction of ROI before fusion, the proposed method successfully captures the hidden knife and fuses it into the visual background. In this paper, a novel image fusion algorithm is proposed for PMMW concealed object detection in which visual and PMMW images are fused to synthesis complementary information. The significant improvement of this proposed algorithm comes from the combination of interesting area extraction and NSCT based fusion. Therefore, it has some feature level fusion characteristics while still providing good pixel level fusion quality. Experiments are performed to test the proposed fusion algorithm, and both the objective and subjective evaluation results demonstrate that this novel fusion algorithm can achieve better fusion quality of PMMW and visual images, compared with some traditional fusion algorithms.
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